compete with Fe2 for binding sites (9), it is imperative that reagents and glassware be made metal-free.
In vitro techniques involving iron as a reactant should avoid the use of synthetic iron chelators of the EDTA, citrate, or oxalate types, if the intent is to bind iron to a protein or incorporate it into a macromolecule (11, 12) . Using lyophilization vials and conducting the reaction under a positive pressure of N2 and anerobic conditions helped to promote the reaction. Freshly prepared ascorbic acid assured that its full reduction potential would be available to keep iron in the ferrous state (13).
In summary, we optimized reaction conditions and developed a radiochemical procedure for measuring ferrochelatase, which, because of its sensitivity through use of 59Fewith high specific activity and minimization of 02 content of the reaction, should find great utility in the measurement of this enzyme in other tissues. The greater sensitivity allows use of smaller sample sizes or shorter incubation times, or both. 
Materials and Methods

Apparatus
Spectrophotometry:
All spectrophotometric measurements were made with a Coleman 55 spectrophotometer (PerkinElmer Corp., CT 06852). 
Procedures
Preparation of columns: About 0.8 g of dried alumina is dispensed into the Evergreen columns, which are then placed above AutoAnalyzer cups or some other receptacle. Some batches of alumina contain fines, which may pass through the mesh support when fluids are applied to the column. To overcome this problem, wash the alumina as follows. Add a quantity of alumina to about five times its volume of distilled water in a conical flask. Swirl the flask and allow it to stand for about 1 mm before decanting. Repeat this five times, or until the alumina settles rapidly. Then dry the alumina in a hot-air oven.
Preparation of Saturating Solution
Stock solution: Prepare 500 mg of Fe (as ferric chloride) per liter of 0.1 mol/L citric acid. This solution is stable at least three months if stored at 4 #{176}C.
Working solution:
Dilute the stock solution 100-fold in distilled water. Prepare freshly each week.
Saturation and adsorption
test: Add 2 mL of working solution to 1 mL of serum in a test tube, allow to stand for 3 to 5 mm, and pour onto the column; after 6 or 7 mm the mixture will have passed through the column and is ready for iron assay.
Iron Estimation
Iron estimations on the treated sera for both the proposed method and the magnesium carbonate method were performed by the manual bathophenanthroline ICSH method (5) .
Results
Regression Analysis:Al203 vs MgCO3
TIBC was estimated by the magnesium carbonate method a The iron estimations for this set were doneby ContInuous-flow,by a modification of the method of Giovannielloet al. (6) . and the proposed alumina method on 102 specimens received in our laboratory (Fig. 1) .
Precision
Within-run precision
was assessed by use of two pooled specimens of human serum and one lyophilized bovine control serum ( Table 1) .
Between-run
precision was assessed by use of a pooled specimen human serum pool and a bovine control serum, both stored frozen ( Table 2) .
Efficiency of Adsorption
To investigate the efficiency of adsorption of iron by the alumina, I treated 1-mL aliquots of serum pool with 2-mL volumes containing increasing concentrations of iron and then passed them through alumina columns. Aliquots of the same serum pool were treated in the same way by the magnesium carbonate method. Iron estimates were then carried out and the results, plotted as TIBC vs added iron, showed curves for both methods that nearly coincide, plateauing at about 4 sg of added iron per liter. The iron in the serum pool was 9.7 pmol/L.
Of interest here is the disparity between the two methods until the saturation point is reached. As would be expected, the TIBC of the blank (no added iron) of the alumina series is near the iron value for the serum pool. However, the blank for the magnesium carbonate series is considerably higher. Subsequently it was shown that the magnesium carbonate in use contained residual iron, which the transferrin was apparently sequestering.
Cook (7) has observed an adsorption inefficiency with magnesium carbonate and other adsorbents, in that measured TIBC increases with increases in added iron over that which is required to saturate the transferrin.
This effect has been observed on some occasions when iron was measured by the ICSH method. The same effect has not been observed with the alumina method. My results show that the alumina is at least equal to magnesium carbonate in adsorption efficiency.
Up to 1.5 zg of added iron, the slopes of the lines in the above-mentioned plot were very similar, and if the blank iron-binding capacity was subtracted from the 1.5-g value Table 2 . Between-Run Precision iron-binding capacity, the corresponding TIBC values were 27.0 zmol/L by the alumina method and 26.1 tmol/L by the magnesium carbonate method, or, in terms of analytical recovery, 100.5% for alumina and 97.2% for magnesium carbonate.
Discussion
From the data it is apparent that the proposed alumina method has a negative bias with respect to the magnesium carbonate method.
After centrifugation of the magnesium carbonate many fine particles of magnesium carbonate can be seen to remain suspended in the supernate. These particles probably contain some iron, which is measured along with transferrin-bound iron. Cook (7) noted a considerable decrease in TIBC after repeated and prolonged centrifugation. He has also noted the above-mentioned "adsorption inefficiency" with magnesium carbonate. This effect could not be demonstrated with alumina. Ramsay (8) has shown the magnesium carbonate method to give results that are 1-10% high, owing to inclusion of non-transferrin-bound iron in the supernate. Another factor contributing to the bias is an opacity effect, which is produced at the protein-precipitation stage of the ICSH iron method with some sera that have been treated by the magnesium carbonate method. This opacity is carried through the color-development stage and in some cases makes a spectrophotometric reading impossible. This effect is often found in patients with abnormal serum protein concentrations. In most cases the alumina method does not generate any opacity, although some opacity will occasionally be found. The opacity effect occurs most often among sera of lower TIBC, and may have contributed to a reduced slope and increased y-intercept in the regression equation.
Among the 102 paired measurements in the regression analysis of alumina (x) vs magnesium carbonate (y), there were 16 pairs whose difference (y -x) exceeded twice the standard error of regression. Of these 16, 12 had x values below the mean value of x. If these 16 pairs are rejected and the regression analysis repeated, the equation (Figure 1 ) becomes: y = 4.88 + 0.95x (r = 0.98, n = 86).
The Burroughs Wellcome Quality Control Programme on lyophilized bovine sera indicates a positive bias of magnesium carbonate and other adsorbent methods with respect to the non-adsorbent techniques for TIBC determination. Although the limits of bovine sera are well known, no such extensive comparison has, to my knowledge, been made with human sera.
I saw no departures from the normally found differences in TIBC between the magnesium carbonate and alumina methods with lipemic, icteric, and hemolysed sera.
The alumina method may be carried out in a centrifuge tube, substituting for use of the column a 10-mm mixing stage on a rotator followed by centrifugation. This technique would not require the alumina to be washed, but for the sake of uniformity all alumina should be dried to Brockman Grade I. 
